Neuronal activity leads to arteriole dilation and increased blood flow in retinal vessels. This response, termed functional hyperemia, is diminished in the retinas of diabetic patients, possibly contributing to the development of diabetic retinopathy. The mechanism responsible for this loss is unknown. Here we show that light-evoked arteriole dilation was reduced by 58% in a streptozotocin-induced rat model of type 1 diabetes. Functional hyperemia is believed to be mediated by glial cells and we found that glialevoked vasodilation was reduced by 60% in diabetic animals. The diabetic retinas showed neither a decrease in the thickness of the retinal layers nor an increase in neuronal loss, although signs of early glial reactivity and an upregulation of inducible nitric oxide synthase (iNOS) were detected. Inhibition of iNOS restored both light-and glial-evoked dilations to control levels. These findings suggest that high NO levels resulting from iNOS upregulation alters glial control of vessel diameter and may underlie the loss of functional hyperemia observed in diabetic retinopathy. Restoring functional hyperemia by iNOS inhibition may limit the progression of retinopathy in diabetic patients. V V C
INTRODUCTION
Diabetic retinopathy is a leading cause of blindness in the developed world. It has traditionally been considered a disease of the retinal vasculature. In its later stages, diabetic retinopathy is characterized by capillary occlusions, microaneurysms, edema, and neovascularization (Antonetti et al., 2006) , leading to the loss of vision in many patients. The contribution of nonvascular cells to the development of diabetic retinopathy has only recently been explored. In early stages of the disease, neurons within the inner retina die , and astrocytes and M€ uller cells (the two macroglial cells of the retina) undergo significant pathological changes Mizutani et al., 1998) . Increased apoptosis is also observed in pericytes and vascular endothelial cells (Mizutani et al., 1996) . Although both vascular and nonvascular cells are affected in diabetic retinopathy, it is not clear whether the vascular pathology is a product or cause of the neuronal and glial dysfunction (Antonetti et al., 2006) .
In the healthy retina, light-evoked neuronal activity leads to increased blood flow in retinal vessels. This response, termed functional hyperemia, fine tunes the retinal circulation, bringing needed oxygen and nutrients to active neurons (Riva et al., 2005) . Recent studies demonstrate that functional hyperemia in both the retina and the brain is mediated, in large part, by glial cells (Metea and Newman, 2006; Mulligan and MacVicar, 2004; Takano et al., 2006; Zonta et al., 2003) . The release of transmitters from neurons stimulates Ca 21 increases within glial cells (Porter and McCarthy, 1996) , leading to the activation of phospholipase A2 and the production of arachidonic acid (AA) (Koehler et al., 2009) . Arachidonic acid, in turn, is metabolized into a number of vasoactive compounds, including prostaglandin E 2 (PGE 2 ) and epoxyeicosatrienoic acids (EETs), which dilate vessels, and 20-hydroxyeicosatetraenoic acid (20-HETE), which constricts vessels (Amruthesh et al., 1992; Ellis et al., 1979; Harder et al., 1994) .
Two recent studies reported a dramatic reduction in functional hyperemia in diabetic patients (Garhofer et al., 2004; Mandecka et al., 2007) . The loss of this vascular response could starve the retina of needed oxygen and glucose, putting neurons at risk and contributing to retinal pathology. The cellular and molecular mechanisms responsible for the decrease in functional hyperemia in diabetic patients are not known. It is possible that the neuronal or glial dysfunctions observed in early stages of the disease are responsible for altered neurovascular signaling, leading to the loss of functional hyperemia. In this study, we investigate the mechanisms underlying this loss in an animal model of diabetic retinopathy and test a treatment for restoring the response. We find that altered glia-to-vessel signaling is responsible for the loss of functional hyperemia in the diabetic retina and that inhibiting inducible nitric oxide synthase (iNOS) restores the response.
MATERIALS AND METHODS Animals
Male Long-Evans rats were obtained from Harlan (Indianapolis, IN) and treated in accordance with the guidelines of the Institutional Animal Care and Use Committee of the University of Minnesota.
Induction of Diabetic Retinopathy
The streptozotocin (STZ) model of type 1 diabetes (Rungger-Brandle and Dosso, 2003; Yu et al., 2001 ) was used. Two-month-old rats were anesthetized with isoflurane and injected IP with streptozotocin (70 mg/kg; freshly prepared in citrate buffer). Blood glucose levels were measured three days later to ensure successful induction of diabetes (glucose >250 mg/dL; OneTouch Ultra, LifeScan). Animals were given a low level of supplemental insulin (1.5 U of Lantus insulin glargine subcutaneously, thrice a week (Du et al., 2002) to prevent excessive weight loss and a catabolic response while maintaining high glucose levels. Body weight and blood glucose were monitored biweekly. Blood glucose averaged 484 6 9 mg/dL during the survival period and 562 6 17 mg/dL at the time of sacrifice. Vehicle-injected, age-matched controls had blood glucose averaging 139 6 2 mg/dL during the survival period, and 204 6 8 mg/dL at sacrifice.
Isolated Retina Preparation
The isolated retina preparation has been described previously (Newman, 2001) . Briefly, animals were killed by an overdose of isoflurane and bilateral pneumothorax, and eyes enucleated. Following removal of the vitreous humor, pieces of retinas were placed in a chamber and superfused at 2-3 mL/min with HEPES-buffered saline equilibrated with air. Arterioles were preconstricted with the thromboxane analog U-46619 (100 nM) for 10 min (Filosa et al., 2004) or until stable to achieve comparable tone in all arterioles studied. At this concentration, U-46619 constricted arterioles moderately, rendering them responsive to both vasodilating and vasoconstricting signals. For iNOS inhibition experiments, retinas were pre-incubated in iNOS blockers for a minimum of 90 min.
Retinal Imaging
Retinas were imaged with a 40X water immersion objective, infrared differential interference contrast (IR-DIC) optics, and a cooled CCD camera (CoolSnap ES; Roper Scientific, Duluth, GA). Images were captured and analyzed using MetaMorph image processing software (Molecular Devices, Downingtown, PA). Techniques used to identify retinal arterioles have been previously described (Metea and Newman, 2006) . Arteriole responses were quantified as the percent difference between the largest change in vessel diameter measured during stimulation and the average prestimulus resting diameter. Diffuse flickering white light (250 ms flashes repeated twice a second) was used to stimulate the retina.
Calcium Imaging and Glial Stimulation
Following removal of the vitreous humor, retinal pieces were incubated in the Ca 21 -indicator dye fluo-4 AM (37.5 lg/mL), the caged Ca 21 compound o-nitrophenyl EGTA AM (9.4 lg/mL) and pluronic F-127 (2.6 mg/mL) for 30 min at room temperature to selectively label retinal glia as described previously (Newman, 2001 
Histology
Retinas were fixed in 4% paraformaldehyde in PBS for 1 h. Fixed retinas were shock-frozen in a 50%-50% mixture of OCT compound (Sakura Tissue-Tek) and Aquamount (Lerner Laboratories). Twelve-lm-thick cryostat sections were cut and mounted using Vectashield containing DAPI (Vector Laboratories). Sections were imaged using confocal microscopy.
Cell Death Detection
Apoptotic cells were detected by TUNEL labeling using the In Situ Cell Death Detection Kit, Fluorescein (Roche, Basel, Switzerland) according to the protocol provided by the supplier. Briefly, fixed sections were permeabilized in PBS containing Triton X-100 (Sigma) and then incubated in the reaction mixture for 60 min at 37°C. TUNEL positive cells were counted manually and analyzed as the number of positive cells per 10-lm segment of retinal section.
Immunolabeling
Retinal sections were blocked for 30 min with 10% normal goat serum (NGS), 0.5% Triton X-100, and 1% bovine serum albumin (BSA) in PBS, pH 7.0. All subsequent steps were conducted in PBS containing 1% NGS, 0.5% triton X, and 1% BSA. Sections were stained with mouse anti-GFAP (1:500) for 1 h at room temperature (RT) or with rabbit anti-iNOS (1:100), rabbit anti-eNOS (1:2,000) or rabbit anti-nNOS (1:2,000) overnight at 4°C. After washing, sections were incubated with the secondary for 1 h at RT. Alexa-FluorÒ 594 conjugated goat anti-mouse (1:400) was used for GFAP and Alexa FluorÒ 488 conjugated goat anti-rabbit (1:1,000) was used for all others.
Statistics
Statistical significance for vasomotor responses was determined by one-tailed Mann-Whitney-Wilcoxon rank sum test for non-normal distributions. Proportions test was used for binomial data (e.g., whether a dilation or constriction occurred). Homoscedastic two-tailed Student's t-test was used for all other analyses. a 5 0.05 for all analyses.
Solutions and Drugs
HEPES-buffered saline contained (in mM): 128 NaCl, 3.0 KCl, 2.0 CaCl 2 , 1.0 MgSO 4 , 0.5 NaH 2 PO 4 , 15.0 D-glucose, and 20 HEPES, pH 7.4, equilibrated with air. o-nitrophenyl EGTA AM, fluo-4 AM, and pluronic F-127 were from Invitrogen (San Diego, CA).
,13E-dien-1-oic acid), and PGE 2 (9-oxo-11a,15S-dihydroxy-prosta-5Z,13E-dien-1-oic acid) were from Cayman Chemicals (Ann Arbor, MI). Aminoguanidine hydrochloride and rabbit anti-eNOS were from Sigma-Aldrich (St. Louis, MO). Rabbit antinNOS and mouse anti-GFAP were from Millipore (Bedford, MA) and rabbit anti-iNOS from Santa Cruz Biotechnology (Santa Cruz, CA).
RESULTS

Light-Evoked Vasodilations Are Reduced in the Diabetic Retina
We first examined whether arteriole responses to light stimulation were altered in the streptozotocin (STZ) induced model of type 1 diabetes, which has been used extensively to study diabetic retinopathy (RunggerBrandle and Dosso, 2003; Yu et al., 2001) . Isolated rat retinas were stimulated with diffuse flickering white light while monitoring the diameter of arterioles on the vitreal surface of the retina. Four months after induction of diabetes, light-evoked arteriole dilation was similar in diabetic (25.8 6 4.7%; n 5 26 vessels) and control (22.5 6 3.1%; n 5 11) groups. However, significant changes in neurovascular coupling were observed at seven months. At this time, light stimulation of normal retinas resulted in dilations averaging 30.9 6 5.2% ( Fig.  1A,C ; n 5 23) while dilations were reduced to 12.9 6 1.9% (Fig. 1B,D ; n 5 19, p < 0.001) in diabetic retinas. Although light-evoked vasoconstrictions were rarely observed in normal retinas (4% of vessels), they occurred frequently in diabetic retinas (53% of vessels, p < 0.005; results summarized in Fig. 5D,E) . Vasoconstrictions typically followed transient vasodilations (Fig. 1D ). All subsequent experiments were conducted on seven-month survival animals.
Response differences between control and diabetic retinas could be due to differences in the resting diameter IR-DIC images of the vitreal surface of the retina, illustrating the lightevoked responses of small arterioles. In a control retina (A), light stimulation evokes a large vasodilation (at 17 and 45 s after onset of the light stimulus). In a diabetic retina (B), light evokes a smaller dilation (at 21 s), followed by a constriction (at 27 s). The diameter of both control and diabetic vessels recover to baseline after light stimulation ends. Solid white lines indicate baseline vessel diameter; dashed lines indicate changed diameter. Scale bar, 10 lm. C,D: Light-evoked arteriole dilation in a normal (C) and a diabetic (D) retina. Light stimulation evokes a smaller dilation, followed by a constriction, in the diabetic retina. of the vessels (Blanco et al., 2008) . This was not the case, however. The mean resting diameter for all arterioles analyzed (after treatment with the thromboxane analog U-46619) was similar in control (25.3 6 1.6 lm, n 5 52) and diabetic (26.7 6 1.1 lm, n 5 85) retinas (p > 0.4).
We questioned whether the decrease in functional hyperemia in diabetic animals was due to decreased responsiveness of retinal vessels. We tested this by directly applying the vasodilating agent PGE 2 to retinal arterioles that were responsive to light stimulation. We used a relatively high concentration of PGE 2 (200 lM) in order to evoke rapid, short latency responses. Rapid superfusion of PGE 2 produced similar dilations in control and diabetic arterioles (controls: 13 of 17 vessels dilated, 24.4 6 19% dilation; diabetics: 10 of 11 vessels, 24.3 6 14% dilation, p > 0.2; Supp. Info. Fig. 1 ), irrespective of whether they dilated or constricted to light. The results demonstrate that vascular responsiveness is not compromised in the diabetic retina.
Our observation that light stimulation evokes arteriole vasodilation but rarely evokes vasoconstriction in healthy retinas differs from our previous finding (Metea and Newman, 2006) that stimulation typically evoked a biphasic response consisting of a transient dilation followed by a constriction. The difference in vessel behavior in the two sets of experiments is due to the oxygen levels used. Earlier experiments were performed under hyperoxic conditions (95% oxygen) while the present experiments were conducted under conditions similar to those in vivo (21% oxygen). Recent studies have demonstrated that hyperoxia blocks PGE 2 -mediated vasodilation and enhances vasoconstriction mediated by 20-HETE (Gordon et al., 2008; Mishra et al., 2010) . In the present experiments, conducted in 21% oxygen, vasodilations in healthy retinas were larger because they were mediated by both PGE 2 and EETs, while vasoconstrictions were masked.
Few Overt Signs of Retinopathy Are Seen in the Diabetic Retina
A loss of retinal neurons, demonstrated by a decrease in the thickness of retinal layers and by increased TUNEL staining, has been reported in both diabetic patients and in STZ-treated diabetic rats van Dijk et al., 2009 ). This neuronal loss could, in theory, account for the reduction in functional hyperemia observed in our experiments. We examined whether there was a loss of neurons in our diabetic animals by measuring the thickness of retinal layers in DAPI-labeled sections (n 5 3 animals for controls and 4 for diabetics). There was no reduction in thickness of any of the retinal layers ( Fig. 2A) . We also examined cell death directly by TUNEL staining (Fig. 2B,C) . There was no difference in the number of TUNEL positive cells in the control (0.17 6 0.11 cells/mm; two sections each from three animals) and diabetic (0.13 6 0.13 cells/mm; p > 0.8; two sections each from four ani- Retinas from some animals were similar to controls (E), some showed a minor increase (F) while some showed substantial upregulation (G). GFAP-positive astrocytes, located beneath the GCL, are seen in both control and diabetic retinas. DAPI-labeled cell nuclei are shown in red. Scale bars, 20 lm. mals) retinas. We also examined TUNEL staining one week after STZ injection to test whether the induction of diabetes increases apoptosis early on, as observed previously (Feit-Leichman et al., 2005) . We observed no difference in TUNEL staining between controls (0.10 6 0.05 cells/mm) and diabetics (0.07 6 0.06 cells/mm; data not shown). These results demonstrate that there was no significant loss of neurons in our diabetic animals.
Glial-Evoked Vasodilations Are Reduced in the Diabetic Retina
We and others have previously shown that functional hyperemia in the retina and brain is mediated, in part, by glial cells (Metea and Newman, 2006; Mulligan and MacVicar, 2004; Takano et al., 2006; Zonta et al., 2003) . In this regard, it is of interest that retinal glial cells undergo pathological changes during the early stages of diabetic retinopathy. M€ uller cells, the principal macroglial cells of the retina, undergo an upregulation of glial fibrillary acidic protein (GFAP) and downregulation of glutamate transporters (Li and Puro, 2002; Lieth et al., 1998; Mizutani et al., 1998) . We tested whether GFAP expression was upregulated in our diabetic animals. We observed an increase in GFAP expression in the M€ uller cells of some, but not all, diabetic animals ( Fig. 2D-G ; n 5 3 controls and four diabetics), indicating the beginning stages of reactive gliosis.
Since the glial cells showed evidence of pathology, we reasoned that abnormal glial regulation of the vasculature could be responsible for the loss of functional hyperemia in the diabetic retina. We tested the role of glia in the loss of functional hyperemia by selectively stimulating glial cells and monitoring the resulting vasomotor responses. (Fig. 3A,B) . In control retinas, Ca 21 waves that propagated across an arteriole elicited large vasodilations averaging 36.2 6 7% ( Fig. 3A,C; n 5 15) . In diabetic retinas, these vasodilations were reduced to 15.4 6 3% ( Fig. 3B,D ; n 5 13, p < 0.02; summarized in Fig. 5J ). In addition, glialevoked vasoconstrictions were seen in 39% of vessels in diabetic retinas compared to only 7% in controls, and the magnitude of constrictions was greater in diabetic animals (Fig. 5I,J) . The decrease in glial-evoked vasodilations and increase in vasoconstrictions were not due to reduced glial cell activation. Photolysis of caged Ca 21 produced similar glial Ca 21 increases in control and diabetic retinas (controls: DF/F 5 15.9 6 1.7%; diabetics: 13.3 6 1.9%, p > 0.3; Fig. 5K ). These results indicate that the deficit in functional hyperemia seen in diabetic retinas is likely due to compromised glial regulation of vessel diameter.
iNOS Is Upregulated in the Diabetic Retina
We have previously shown that nitric oxide (NO) is a modulator of functional hyperemia in the retina (Metea and Newman, 2006) . Both light stimulation and glial cell stimulation evoke vasodilations when NO levels are low. Vasodilations are reduced and vasoconstrictions are enhanced, however, when NO levels are raised. Notably, iNOS expression is increased and tissue NO concentration is raised in the retinas of diabetic animals (Du et al., 2002; Kowluru et al., 2000) . We confirmed that iNOS was upregulated in our diabetic retinas by immunohistochemistry, which indicated an increase in iNOS levels in the ganglion cell, inner plexiform and outer nuclear layers ( Fig. 4A-D ; n 5 3 controls and 4 diabetics). iNOS was expressed in retinal glia as well as neurons. No changes in the expression of neuronal or endothelial NOS were observed (Fig. 4E-L) .
Inhibition of iNOS Restores Light-Evoked and Glial-Evoked Vasodilations
We reasoned that increased NO levels in the inner retina due to the upregulation of iNOS might be responsible for reduced functional hyperemia in diabetic animals. We tested this by treating diabetic retinas with 1400W and aminoguanidine, two inhibitors of NOS that are relatively selective for iNOS at the concentrations used. In the presence of either 1 lM 1400W or 100 lM aminoguanidine, the amplitude of light-evoked vasodilations in diabetic retinas was restored to control levels ( Fig. 5A-E ; 1400W: 27.3 6 3.5%, n 5 22: aminoguanidine: 28.3 6 2.7%, n 5 26; neither different from controls, p > 0.3). The incidence and amplitude of lightevoked vasoconstrictions, which were raised in diabetic retinas, were also reduced to control levels by the iNOS inhibitors (Fig. 4D,E) . 1400W had no effect on lightevoked vasomotor responses in control retinas (28.4 6 5%, n 5 15, p > 0.4; Supp. Info. Fig. 2 ), suggesting that NO synthesized by iNOS does not play a significant role in neurovascular coupling in healthy retinas.
If increased NO levels reduce functional hyperemia in the diabetic retina by interfering with glial control of vessel diameter (Metea and Newman, 2006) , then inhibiting iNOS should restore glial-evoked vasodilations as well in diabetic animals. This proved to be the case. In the presence of aminoguanidine, glial-evoked vasodilations were restored to control levels in diabetic retinas (27.4 6 9%, n 5 5, p > 0.2 compared with controls) and no glial-evoked vasoconstrictions were observed ( Fig. 5F-J) . Aminoguanidine did not alter the photolysis-evoked glial Ca 21 response (Fig. 5K) .
DISCUSSION
Our results demonstrate that the STZ rat model of diabetes reproduces the deficit in functional hyperemia observed in diabetic patients. Light-evoked vasodilations in the isolated retina are significantly reduced in diabetic animals. This deficit is not due to a loss of retinal neurons or vascular responsiveness, but rather is due to aberrant glia-to-vessel signaling. Notably, the loss of functional hyperemia can be restored by aminoguanidine and 1400W, two inhibitors of iNOS.
The diabetic retinas used in our study showed few overt signs of retinopathy. Although functional hyperemia was reduced and iNOS expression increased, there was no loss of retinal neurons or any evident changes in the morphology of the vasculature. In contrast, several previous studies have reported alterations in neuronal function, changes in the expression patterns of neurons and glial cells, and neuronal and vascular cell death in early diabetic retinopathy (reviewed in Antonetti et al., 2006) . Most of these studies were conducted using Sprague Dawley or other albino rat strains, which are susceptible to light-induced retinal damage. Our study, in contrast, used pigmented Long-Evans rats. It is likely that albino strains show a higher level of retinopathy when made diabetic due to the added effect of light damage. Indeed, a recent study demonstrated that albino Sprague Dawley rats showed a large increase in inflammatory cytokines four months after STZ treatment while pigmented rats (Long-Evans and Brown Norway) Fig. 5 . Inhibition of iNOS activity restores light-and glial-evoked vasodilation in diabetic retinas. A-C: Light-evoked vasomotor responses in a control retina (A), diabetic retina (B) and a diabetic retina treated with aminoguanidine (AG, 100 lM; C). D: The incidence of light-evoked arteriole dilations and constrictions. The incidence of vasoconstrictions is increased in diabetic retinas and is restored to control levels by 1400W (1 lM) and AG (100 lM), two inhibitors of iNOS. E: The magnitude of light-evoked arteriole dilations and constrictions. The magnitude of vasodilations is reduced while that of vasoconstrictions is increased in diabetic retinas. 1400W and AG restore these vasomotor responses to control levels. F-H: Photolysis-evoked glial Ca 21 increases (upper traces) and the resulting vascular responses (lower traces) in a control retina (F), diabetic retina (G) and a diabetic retina treated with AG (100 lM; H). Black dots indicate photolysis of caged Ca showed only small increases in just a few of their measures (Kirwin et al., 2009) . Moreover, in STZ-treated pigmented mice, neuronal cell death did not differ from controls for up to a year after an initial transient increase in apoptosis (Feit-Leichman et al., 2005) . The lack of overt retinal pathology at 7 months in our diabetic animals is, we believe, due to pigmented eyes being less vulnerable to damage.
Our observation that glial-evoked and light-evoked vasodilations were similarly reduced in diabetic retinas suggests that the loss of functional hyperemia was not due to altered neuronal responses to light stimulation. In addition, inhibition of iNOS restored both light-and glial-evoked dilations to control levels, arguing against any significant neuronal dysfunction. It is likely that changes in glial cell signaling to the vasculature underlie the deficits in functional hyperemia that we observed.
iNOS is upregulated in response to injury and pathology in many systems (Cattell and Jansen, 1995) . In diabetic retinopathy, iNOS is upregulated in retinal neurons and glial cells and retinal NO levels are raised (Du et al., 2002; Kowluru et al., 2000) . We have confirmed that iNOS is upregulated in our model of diabetic retinopathy. Immunolabeling for iNOS, but not nNOS or eNOS, was increased in retinal glial cells and neurons. Although iNOS was upregulated in our diabetic animals, mean arteriole diameter after treatment with the thromboxane analog U-46619 was no larger in diabetic than in control retinas. This is not surprising, as NO has multiple effects on the neurovascular unit. In addition to directly dilating vessels by raising cGMP levels in vascular smooth muscle cells (Ignarro, 2002) , NO can also inhibit glial production of vasodilating EETs compounds (Kessler et al., 1999; Roman, 2002) .
Our finding that iNOS inhibitors restore both lightand glial-evoked vasodilation indicates that raised NO levels are responsible for the loss of functional hyperemia, most likely by disrupting glial signaling to vessels. We have previously shown that vasodilation in the retina is mediated by glial release of EETs and PGE 2 (Metea and Newman, 2006; Mishra et al., 2010) and that raised NO levels reduce vasodilation and enhance vasoconstriction (Metea and Newman, 2006) . It is likely that NO reduces vasodilation by inhibiting glial production of EETs (Kessler et al., 1999; Roman, 2002) , although this has yet to be tested in the retina.
The STZ rat model of Type I diabetes replicates many of the pathologies associated with human diabetic retinopathy (Yu et al., 2001) . However, there are several limitations to this model that should be kept in mind. First, the timeline of disease progression is very different in the STZ rat model, which progresses over months, and Type I diabetes in patients, which can take well over a decade to develop (Alder et al., 1997; Lieth et al., 1998) . Second, blood glucose levels are poorly controlled (intentionally) in our model, while they are well controlled in most patients diagnosed with diabetes. Additionally, the observations made in our model of Type I diabetic mellitus may not be directly applicable to Type II diabetes, even though retinopathy can develop in both cases, and therefore should be interpreted with care.
The loss of functional hyperemia is one of the first deficits observed in our diabetic retinas. Reduced vasodilation in response to neuronal activity will create a mismatch between energy supply and demand, depriving neurons of oxygen and nutrients (Gariano and Gardner, 2005) . This disparity may be an important contributing factor in the development of diabetic retinopathy (Yu et al., 2001) . Restoring functional hyperemia by inhibiting iNOS may slow progression of the pathology. Indeed, aminoguanidine (which also inhibits the formation of advanced glycation end-products; Brownlee et al., 1986) , has been shown to prevent transcriptional, morphological and ultrastructural changes in the retina in diabetic animals (Corbett et al., 1992; Du et al., 2004; Hammes et al., 1991) . Thus, the use of iNOS inhibitors such as aminoguanidine hold promise in treating diabetic retinopathy and should be explored in future studies.
